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1. PURPOSE 
The purpose of this Analysis and Model Report (AMR) is to evaluate the geometry of the 
primary joint sets (i.e., fractures belonging to a group demonstrating a preferential orientation) 
associated with the lithostratigraphic units of the Repository Host Horizon (RHH). Specifically, 
the analysis is limited to examining joint sets occurring within the upper lithophysal (Tptpul)', 
middle nonlithophysal (Tptpmn), lower lithophysal (Tptpll), and lower non-lithophysal (Tptpln) 
zones of the crystal-poor member of the Topopah Spring Tuff. The results of this AMR supply 
the geometric input parameters for the joint sets used as input to the acquired software code 
DRKBA V3.3 (CRWMS M&O 2000i; hereafter DRKBA), which is used in the determination of 
key block sizes and distributions within the Drift Degradation Analysis AMR (CRWMS 
M&O 2000b). Additionally, the results of this AMR provide input for selecting the orientation 
of the emplacement drifts used in layout design work for the potential repository. 
This AMR follows the development plan prepared for the analysis of the joint set geometry of 
the stratigraphic units associated with the RHH (CRWMS M&O 2000a). The AMR is limited in 
scope to determining the joint set orientation in terms of strike and dip, and the spacing and trace 
length distributions for fractures with trace lengths greater than 1 m. Joint set orientations are 
determined from volume sampling in the form of the U.S. Geological Survey/U.S. Bureau of 
Reclamation (USGS/USBR) Full-Periphery Geologic Mapping (FPGM) of the Exploratory 
Studies Facility (ESF) and the Enhanced Characterization of the Repository Block Cross Drift, 
which is referred to in this AMR as the Cross-Block Drift (CBD). In order to segregate the 
FPGM fracture data set into subsets representing the lithostratigraphic units, a volume or solids 
model, ESF-CBD Version I (hereafter ESF-CBD), into which the fracture data can be sorted and 
registered was constructed using the VULCAN V3.4 (CRWMS M&O 1999d; hereafter VULCAN) 
software. Joint set spacing and trace length distributions were derived from the USGS/USBR 
Detailed Line Surveys (DLS) of the ESF and CBD. 
2. QUALITY ASSURANCE 
This report has been prepared according to AP-3.1OQ, Analyses and Models. A development 
plan entitled: Development Plan for the Fracture Geometry Analysis for the Stratigraphic Units 
of the Repository Host Horizon (CRWMS M&O2000a) was prepared in accordance with 
AP-2.13Q, Technical Product Development Plan. Inputs used in this AMR are tracked in 
accordance with AP-3.15Q, Managing Technical Product Inputs. 
The work activities documented in this AMR depended on electronic media to store, maintain, 
retrieve, modi@, update, and transmit data inputs subject to QA controls. As part of the work 
process, electronic databases, spreadsheets, and sets of files were required to hold information 
intended for use to support the licensing position. In addition, the work process required the 
transfer of data and files electronically from one location to another. Specifically, data inputs 
(see Section 4) were transferred from the Technical Data Management System (TDMS) to either 
a Silicon Graphics Octane Workstation (CRWMS M&O #115800) or a Dell PowerEdge 2200 
Personal Computer (CRWMS M&O #112535). Data outputs developed and controlled by the 
' Although only the lower third (approximately) of the Tptpul falls within the RHH, the entire lithostratigraphic unit 
is examined in this AMR, because it was not possible to select the top of the RHH from the input data. 
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processes described in this AMR have been submitted to the TDMS in accordance with 
AP-SIII-3Q, Submittal and Incorporation of Data to the Technical Data Management System. 
Consequently, all electronic files consisting of source data, developed model inputs, model 
outputs, and post-processing results were managed in accordance with the criteria in AP-SV. 1 Q, 
Control of the Electronic Management of Data, as described in the development plan (CRWMS 
M&O 2000a) prepared for this document. 
The applicability of the QA program is documented in an activity evaluation according to 
QAP-2-0 Conduct of Activities. The activity evaluation: Engineered Barrier System Performance 
Modeling (CRWMS M&O 1999a) has concluded that this document is quality-affecting and 
subject to the QA controls of the Quality Assurance Requirements and Description (DOE 2000). 
3. COMPUTER SOFTWARE AND MODEL USAGE 
The software used in this AMR conforms to the requirements of AP-SI.lQ, Software 
Management. The software tracking numbers presented in Tables 1 and 2 indicate that the 
software products were obtained from Configuration Management as directed by AP-3.1 OQ, 
Analyses and Models. The software products were executed on either a Silicon Graphics Octane 
Workstation (CRWMS M&O #115800) under the Unix operating system IRIX64 (Release 6.5), 
or on a Dell PowerEdge 2200 Personal Computer (CRWMS M&O #112535) under the 
Microsoft (MS) Windows 95 (Release 4.00.950B) operating system. Both qualified and 
unqualified software products were used in the preparation of this document. 
3.1 QUALIFIED SOFTWARE 
Table 1 presents a listing of the qualified software products used in this AMR. A brief 
description of the use and the platform, including operating environment, on which the products 
are executed, is given. The software products are used within their range of validation in 
agreement with the description of use presented and were the appropriate software products to 
use for the analysis conducted in this AMR. 
3.2 UNQUALIFIED SOFTWARE 
Section 5.1 1 of AP-SI.lQ, Software Management, governs the interim use of unqualified 
software products used in support of Site Recommendation. The software product VULCAN 
(CRWMS M&O 1999d) was used and obtained in accordance with the requirements of this 
procedure. The software was used to construct three-dimensional (3-D) representations of the 
FPGMs in a Nevada State Plane coordinate system. The construction of the 3-D FPGM 
representation was necessary to allow the sorting of fracture data and measurement locations into 
the lithostratigraphic units being analyzed in this AMR. The qualification activities for VULCAN 
are currently being conducted. Table 2 provides the Software Tracking Number, a brief 
description of the use of VULCAN in this AMR, and pertinent information regarding the 
platform, including operating system, on which VULCAN is executed. 
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Table 1. Qualified Software Controlled by Configuration Management 
Software Name, 
Version, and 
Reference 
DIPS V 4.03 
(CRWMS 
M&O 1997b) 
 STRAIGHT.^^ v.01 
(CRWMS 
MBO 2000h) 
CURVED.pl V.01 
(CRWMS 
M&O 2000e) 
FPGM-SD-Check 
v.01 
(CRWMS 
M&O 1999~) 
ESF4-XYZ V. 03 
(CRWMS 
M&O 1999e) 
ECRB-XYZ V. 03 
(CRWMS 
MBO 19999 
FPGM- Polarcon 
v. 02 
(CRWMS 
M&O 20009 
RTJS V.02 
(CRWMS 
MBO 20009) 
Software 
Tracking 
Number 
3001 7 V4.03 
1 0 1 60-.O 1 -00 
101 61-.01-00 
30077 V.01 
30092 V.03 
30093 V.03 
101 58-.02-00 
101 59-.02-00 
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Description of Software Usage in this AMR 
Acquired software used to generate stereographic 
projections of fracture orientation values. 
Unix perl script used in conjunction with VULCAN to 
convert 2-D FPGMs in Cartesian coordinates to 3-D 
drawings in Nevada State Plane coordinates, limited to 
straight sections of tunnel (2-step conversion from 
Cartesian to Nevada State Plane coordinates) 
Unix ped script used in conjunction with VULCAN to 
convert 2-D FPGMs in Cartesian coordinates to 3-D 
drawings in Nevada State Plane coordinates, limited to 
curved sections of tunnel (3-step conversion from 
Cartesian to polar to Nevada State Plane coordinates) 
Unix perl script and two MS Excel 97 macros, used to 
extract and sort fracture data from FPGM AutoCAD files. 
Checks that strike and dip values are properly entered. 
MS Excel 97 spreadsheet that calculates Nevada State 
Plane coordinates for any point on the tunnel wall for the 
bored portion of the ESF, used to determine the location 
of strike and dip measurements. The routine also 
calculates the Nevada State Plane coordinates for the 
ESF centerline (measured at the invert). 
MS Excel 97 spreadsheet that calculates Nevada State 
Plane coordinates for any point on the tunnel wall for the 
bored portion of the CBD, used to determine the location 
of strike and dip measurements. The routine also 
calculates the Nevada State Plane coordinates for the 
CBD centerline (measured at the invert). 
MS Excel 97 spreadsheet that converts Cartesian to 
polar coordinates for curved portions of the FPGM 
AutoCAD drawings and calculates Nevada State Plane 
coordinates, used to determine location of strike and dip 
measurements. FPGM-Polarcon V.02 was modified 
from a previous version to include data from the CBD. . 
MS Excel 97 spreadsheet that calculates true joint 
spacings from DLS data based on joint set orientations. 
RTJS V.02 was modified from a previous version to 
include the calculation of spacing data along curved 
portions of the ESF and CBD. 
10 
Platform and 
Operating 
Environment 
Dell PowerEdge 
PC MS Windows 
CRWMS M80 
# I  12535 
95: MS-DOS 
Silicon Graphics 
Octane IRIX64, 
Release 6.5 
3erl Version 5.00, 
CRWMS M&O 
# I  15800 
Dell PowerEdge 
PC MS 95 
MS Excel 97 
CRWMS MBO 
# I  12535 
August 2000 
Table 2. Unqualified Software Controlled by Configuration Management 
Software Name, 
Version, and 
Reference 
VUL CA N V3.4 
(CRWMS 
MBO 1999d) 
Software 
Tracking 
Number 
10044-3.4-00 
DescriDtion of Use 
Acquired software used to graphically represent 
FPGMs converted from 2-D to 3-D, and 
construct a solids model into which the value 
and location of fracture measurements are 
sorted into the stratigraphic units where the 
measurements were collected 
Platform and 
Operating System 
Silicon Graphics 
Octane IRIX64, 
Release 6.5 
MBO # I  15800 
3.3 REFERENCED AND EXEMPT SOFTWARE 
In addition to the software products presented in Tables 1 and 2 of this AMR, the software code 
DRKBA V3.3 is referenced in this AMR. This AMR generates data intended as input to the Drift 
Degradation Analysis AMR which uses DRKBA V3.3. 
The use of AutoCAD, MS Excel 97, and MS Access 97 in this AMR are considered exempt from 
qualification per the requirements of AP-SI. 1 Q, Section 2.1, Exemptions. The software and their 
application are identified in Section 6 of this AMR as applicable. 
4. INPUTS 
4.1 DATA AND PARAMETERS 
Two separate types of data provided the most appropriate source of input data to this AMR: 
(1) the FPGMs for the ESF and CBD, and (2) DLS data for the ESF and CBD. From these data 
sources, three types of data are available: (1) geologic contact data used in the construction of 
the VULCAN solids model of the tunnels were extracted from the FPGMs as the only available 
source for this data; (2) fracture orientation data were extracted from the FPGMs as the only 
volume sample available for the determination of directional unbiased joint set orientations; and 
(3) fracture spacing and trace length data were extracted from, the DLS data set as the only 
available source of fracture statistics in the tunnels. 
4.1.1 Geologic Contact Data 
Geologic contact information was obtained from the FPGM for the ESF and CBD. Geologic 
contact data consist of lithostratigraphic contacts, faulted contacts, and sheared contacts. Only 
the FPGM intervals that contain contact data for Tptpul, Tptpmn, Tptpll, and Tptpln were used in 
this AMR. These FPGM intervals and associated DTNs are identified in Table 3. The FPGMs 
are AutoCAD drawings available from the TDMS in both hardcopy and electronic format. The 
electronic files are available in both dwg and dxffile format. For this AMR dxfformatted files 
were used. Although other files may be associated with each DTN only those dxffiles as 
identified in Table 3 were used in this AMR. Each of the AutoCAD files represents tunnel 
intervals of lOOm in length. The tunnels are identified in the filenames by alpha characters: 
“tbm” for the ESF or “cbd” for the CBD. The tunnel interval is indicated in the filename by the 
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numeric characters, which represent the first station of the interval. For example, file 
tbml700x.dxf is the file for the FPGM associated with the ESF tunnel segment between Station 
17+00 and 18+00. 
Table 3. Source DTNs and Files for Geologic Contact Data 
FPGM Filenames 
GS970108314224.002 
GS970808314224.009 
GS970808314224.011 
tbm7300x.dxf 
cbdl000.dxf 
cbd 1400.dxf 
cbd2300.dxf 
cbd2600.dxf 
ESF FPGM for Stations 73+00 to 74+00 
CBD FPGM for Stations 10+00 to 11+00 
CBD FPGM for Stations 14+00 to 15+00 
CBD FPGM for Stations 23+00 to 24+00 
GS990408314224.006 cbd2400.dxf CBD FPGM for Stations 24+00 to 25+00 
CBD FPGM for Stations 26+00 to 26+81 
GS990408314224.004 
4.1.2 Fracture Orientation Data 
Fracture orientation data (i.e. strike and dip values) were extracted from the FPGMs for the ESF 
and CBD.” The FPGM fracture orientation data for the ESF was previously compiled into one 
data set as documented in the analysis Full Periphery Geotechnical Mapping, Strike and Dip 
Data Entry Correction Analysis (CRWMS M&O 1999b). This data set was used in conjunction 
with the FPGMs of the CBD in determining joint set orientations in this AMR. The “SYMTXT” 
layers for each of the CBD FPGM intervals were saved as individual dxffiles and are presented 
in Attachment 11. The source DTNs for the fracture orientation data are provided in Table 4. For 
each of the DTNs associated with the CBD, all of the FPGM dxffiles for the identified intervals 
were used and are therefor not listed individually in Table 4.. 
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Table 4. Source DTNs for Fracture Orientation Data 
DTN Identification of Data Source and Station Intervals 
M09904MWDFPG16.000 
GS990408314224.003 
GS990408314224.004 
GS990408314224.005 
GS990408314224.006 
Fracture orientation data set for the ESF derived from FPGMs Station 00+60 to 
CBD FPGMs between Stations 00+10 to 10+00 
CBD FPGMs between Stations 10+00 to 15+00 
CBD FPGMs between Stations 15+00 to 20+00 
CBD FPGMs between Stations 20+00 to 26+81 
4.1.3 Fracture Spacing and Trace Length Data 
The DLS provided the data inputs used in the determination of fracture spacing and trace length 
distributions. Source DTNs containing the DLS data from which fracture spacing and trace 
length distributions were derived are provided in Table 5. The DLS data for each DTN is linked 
to the “Site and Engineering Properties” database in the TDMS, from which the data were 
downloaded in MS Excel 97 format. 
Table 5. Source DTNs for Fracture Spacing and Trace Length Data 
DTN Identification of Data Source and Station Intervals 
ESF DLS data between Stations 00+60 to 04+00 
ESF DLS data between Stations 04+00 to 08+00 
GS97 1 1 083 14224.020 
GS971108314224.021 
4.2 CRITERIA 
The NRC identifies fracture orientation and length bias as potential issues relevant to 
conclusions presented in Section 5.3.1, Criterion 1, of the NRC’s Issue Resolution Status Report 
Key Technical Issue: Structural Deformation and Seismicity (NRC 1999). This AMR addresses 
the issue of fracture orientation bias in that a new data set consisting of a directionally unbiased 
fracture population is developed. This data set is derived from the FPGMs of the ESF and CBD. 
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Because the FPGMs represent a 3-D volume sampling of fracture orientations, in which all 
fractures independent of orientation are included in the sampling, fracturing orientation bias 
associated with the DLS method is eliminated. This data set is used to determine the joint set 
orientations presented in this AMR. 
4.3 CODES AND STANDARDS 
No industry codes or standards are directly applicable to this AMR. 
5. ASSUMPTIONS 
No assumptions were made as part of this AMR. 
6. ANALYSIS 
This AMR does not provide estimates for any of the Principal Factors or Other Factors for the 
post-closure safety case, or for the Potentially Disruptive Processes or Events listed in 
Attachment 6 of AP-3.15Q, Screening Criteria for Grading of Data and is therefore assigned 
Level 3 importance. 
6.1 INTRODUCTION 
The stability of an underground excavation depends on the structural conditions in the rock mass, 
the stress in the rock, and the strength of the rock (Hoek and Brown 1982, p. 13 1). Fractures 
directly affect the strength of the rock. The orientation, frequency, and trace lengths of the 
fractures directly affect the stability of an excavation because these factors determine the size 
and number of potential key blocks that may require engineered ground support. The fracture 
data collected by the USGS/USBR as part of the FPGM and DLS programs present the best 
available subsurface data for analyzing the orientation, frequency, and trace lengths of fractures 
in the rock mass at Yucca Mountain. 
Yucca Mountain consists of a thick sequence of fractured Tertiary volcanic rock of the 
Paintbrush Group, which includes both the Tiva Canyon and Topopah Spring Tuff formations. 
.Buesch et al. (1996, p. 9) describe these rocks as consisting of primary volcanic deposits from 
pyroclastic flow and fallout, and secondary volcanoclastic deposits from eolian and fluvial 
processes. The tuffs can be divided into welded and nonwelded zones. The welded rock can be 
hrther subdivided into lithophysal-rich and lithophysal-poor zones (Buesch et al. 1996, pp. 5-7). 
Based on a study of fracture data from pavements, outcrops, boreholes, and the ESF, the primary 
controls on fracture characteristics within the Paintbrush Group, were found to be related to 
stratigraphy upon which any later tectonic influence is superimposed (Sweetkind and 
Williams-Stroud 1996, p. 60). It was concluded that these characteristics are dependent upon 
variations in lithology across depositional boundaries, and variations in welding, devitrification, 
and lithophysal development. The non-welded units have the lowest intensity of fracturing 
overall, while the non-lithophysal portions of the welded units exhibit the highest intensity of 
fracturing. Additionally, Sweetkind and Williams-Stroud (1 996 pp. 62-63) observed that the 
non-lithophysal welded units have fractures with longer trace lengths, while the units with higher 
lithophysal content have fractures with shorter trace lengths. It was reasoned that the 
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development of lithophysae inhibits the propagation of fractures (Sweetkind and Williams- 
Stroud 1996, p. 62). As discussed later in this analysis, the fracture data obtained from the ESF 
and CBD appear to support the reverse of this assessment (i.e., fracture trace lengths appear 
slightly longer in the lithophysal units than in the nonlithophysal units (see Section 6.6.2)). 
This AMR focuses on the orientation, spacing, and trace lengths of fractures within the welded 
lithostratigraphic units of the RHH: the upper lithophysal (Tptpul), middle nonlithophysal 
(Tptpmn), lower lithophysal (Tptpll), and lower non-lithophysal (Tptpln) zones of the crystal- 
poor member of the Topopah Spring Tuff. Although, only the lower third (approximately) of the 
Tptpul falls within the RHH, the entire lithostratigraphic unit is examined in this AMR, because 
no further subdivision of the unit is recognized and it was not possible to select the top of the 
RHH from the data sets examined in this AMR. The RHH was first defined in Determination of 
Available Volume for Repository Siting (CRWMS M&O 1997a, Section 7.3) as the geologic 
strata deemed suitable for siting of the potential repository. The lithostratigraphic units are 
defined, based on lithophysal content, as being either lithophysal-rich or lithophysal-poor 
(Buesch et al. 1996, p. 8). 
6.2 SUBSURFACE FRACTURE DATA SETS 
There are two primary data sources for fractures in the subsurface at Yucca Mountain: the 
FPGMs and DLS data sets. The FPGMs present a full periphery map of the tunnel walls as 
encountered in the subsurface excavations. The DLS data set presents a detailed inventory of 
fractures and associated fracture attributes recorded in these excavations. The following two 
sections present a detailed description of these two data sources 
6.2.1 Full-Periphery Geologic Mapping Data Set 
The FPGMs are developed in the full-periphery style in which the tunnel walls, hinged from the 
crown line, are “unrolled” to produce a flat map of the tunnel periphery (Albin et al. 1997, p. 10). 
The FPGMs of the ESF and CBD main tunnels, those excavated by the tunnel boring machine 
(TBM), represent 100-m long tunnel segments. The FPGMs record lithostratigraphic contacts 
and structural discontinuities (i.e., fractures, faults and shears) with trace lengths longer than 1 m 
as well as engineered features (for example rock bolts) (YMP-USGS-GP-32, R2, pp. 24 to 28), at 
a scale of 1:125. These maps are constructed in AutoCAD using a local X-Y Cartesian 
coordinate system. The FPGMs are constructed using a “layered” approach in AutoCAD, where 
specific data types are assigned to specific layers within the dxf files. Brief descriptions of the 
FPGM AutoCAD layers used in this AMR are presented in Table 6. 
An illustration of the “unrolled” full-periphery style of mapping used to construct the FPGMs is 
presented in Figure 1. The figure illustrates how data mapped on the tunnel wall can be projected 
onto the two-dimensional (2-D) FPGM. An excerpt from a FPGM showing lithologic and 
structural data in the Cartesian coordinate system used in AutoCAD is shown in Figure 2. For 
straight sections of the tunnel, the stationing can be derived from the X-axis and arc lengths 
(measured from the crown line) can be derived from the Y-axis. However, as can be seen in 
Figure 2, the X- and Y-axes cannot be used to infer stationing or arc length for curved sections of 
the tunnel. Because the FPGMs are constructed using a local Cartesian coordinate system, 
unrelated to real world coordinates, map representations of curved sections of the tunnel must be 
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converted to a polar coordinate system, with an origin at the center of curvature, before accurate 
station and arc length distances can be measured. Using the station and arc distance 
measurements for either straight or curved portions of the tunnels, Nevada State Plane 
coordinates can be calculated based on the relationship of these measurements to the layout 
designs of the tunnels (CRWMS M&O 1996 and CRWMS M&O 1998b). 
FAULT 
FRAC 
Table 6. Description of Full Periphery Geologic Mapping AutoCAD Layers I 
Fault traces (used where lithostratigraphic contacts were faulted) 
Fracture traces (used for illustrative purposes only as shown in Figures 2 and 4) 
1 F P G ~ ~ ~ $ C A D  1 escription of Layer Content 
SHEAR 
SPLINE 
SUBCNT 
SYMTXT 
TUNNEL 
Shear traces (used only where lithostratigraphic contacts were sheared) 
Right- and left-rib lines (used for illustrative purposes only as shown in Figures 2 and 4) 
Lithostratigraphic contacts 
Strike and dip values 
Tunnel outline and crown line (used for illustrative purposes only as shown in Figures 2 and 4) 
Lithostratigraphic contact for Tptpmn (used by USGSlUSBR on FPGM for ESF Stations 27+00 
to 28+00) I GEOMECH I 
2-D FPGM (viewed from top) I 
t: b L A 4 4 4 
Concrete Invert 
Figure 1. Schematic Representation of the Unrolled Full-Periphery Style of Mapping 
Because the FPGMs depict an unrolled view of the full periphery of the subsurface excavations, 
they represent a true volume sampling of the rock mass. Thus, fracture data recorded on the 
FPGMs represent a true volume sampling of the fracture network within the rock mass. The 
advantage of a volume sample of fracture orientations over a DLS sample is the elimination of 
the directional bias inherent in the DLS method (see discussion in Sections 6.2.2 and 6.3), 
because all fractures independent of orientation are contained within the sample. The type of data 
recorded for fractures contained on the FPGMs is limited to orientation (i.e., strike and dip) and 
location (i.e., station and arc distance off the centerline). 
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A 
Lithostratigraphic Contact 
_I (GEOMECH or SUBCNT) 
Right-Rib Springline (SPLINE) 
Top of Concrete Invert (TUNNEL) A 
Y-Axis 
0 
0 fracture Traces (FRAC) “ 
.- 
X-Axis 
Crown Line ’ 
(TUNNEL) 
..- ~ . 
NOTE: AutoCAD layer names for the named features 
are provided in parenthesis 
Figure 2. Full Periphery Geologic Mapping Approach ,sed at Yucca Mountain 
6.2.2 Detailed Line Survey Fracture Data Set 
Detailed information on fractures, as well as other structural discontinuities, in the ESF and CBD 
were mapped by the USGSRJSBR using the DLS method along a traverse located 0.9 m below 
the right-rib springline in the ESF (Albin et al. 1997, p. 10; Eatman et al. 1997, p. 8) and at the 
left-rib springline in the CBD (Mongano et al. 2000, p. 9). The type of information contained 
within the DLS data set2 consists of location (i.e., Station), orientation, trace length, width, and 
roughness, among others. In this AMR, only DLS data on station location (used to determine the 
spacing between fractures of a joint set) and trace length were used. Although many fractures 
were identified as to their origin (i.e., faults, shears, cooling joints, or vapor phase partings) the 
approach was not consistently applied throughout the tunnels and approximately 90 percent of 
the fractures were classified using the generic term “fracture.” For this reason the term 
“fracture” in this analysis refers to all structural discontinuities in the rock mass identified in the 
DLS data set. Approximately 20,000 individual fractures are contained in the complete DLS 
data set for the TBM-excavated portion of the ESF and CBD. 
The DLS was conducted using a metric measuring tape affixed to the wall for reference. 
Discontinuities or fractures that intersected the wall within 30 cm of the tape were included in 
the data set. Between the start of the ESF bored tunnel and ESF Station 37+80 (Albin et 
al. 1997, p. lo), all fractures with trace lengths longer than 30 cm were recorded in the data set. 
However, beginning at ESF Station 37+80, the minimum trace length for the DLS was raised to 
1 m. After ESF Station 45+00, data on the shorter fractures, 30 cm to 1 m in length, were 
DTNs for the individual DLS data subsets generated by the USGSIUSBR are presented in Table 6 
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collected in 50-m intervals every 500 m through the end of the tunnel at the ESF South Portal 
(Eatman et al. 1997, p. 8). In the CBD, the 1-m cutoff was maintained throughout the bored 
tunnel (Mongano et al. 2000, p. 9). In order to establish a consistent data set, only fractures with 
trace lengths of 1 m or greater are examined in this AMR3. It should be noted that because only 
fractures which cross the DLS are included in the survey, there is an inherent directional bias 
against fractures oriented parallel or subparallel to the survey line. 
6.2.3 Selection of Appropriate Fracture Data Sets for Determining Fracture Geometric 
Parameters 
As introduced in Section 6.2 of this AMR, there are two fracture data sets available for the 
analyses presented in this AMR: the FPGM and the DLS data sets. This section presents the 
justification for the selection of the data sets as appropriate for the various analyses presented in 
this AMR (fracture set orientations and spacing and trace length distributions). 
The primary consideration in the selection of the appropriate fracture data set for use in 
determining set orientation was directional bias in the data collection. When determining the 
significance of a joint set present in a sample population, it is important to assess the effects of 
the sampling method on the interpretation. As mentioned above, the DLS methodology is 
inherently biased against joint sets where either the strike or dip of the set approaches the 
orientation of the survey line. As a result, fractures that are oriented subparallel to parallel to the 
DLS are the least likely to be included in the DLS, and only those fractures that actually cross 
the detailed line are included in the resulting data set. Thus, the inclusion of fractures in the DLS 
data set is directly dependent upon the orientation of the fractures being measured. However, as 
presented in Section 6.2.1, fracture orientation measurements collected in a 3-D volume 
(i.e., FPGMs) do not have this inherent bias because fractures in every possible orientation are 
measured. For this reason, the FPGMs, which represent a 3-D volume sampling, were chosen as 
the most appropriate data source for determining joint set orientation. Joint set orientations are 
discussed in Section 6.4.1 of this AMR. 
Because frequency is in general derived from measured spacing (i.e., fractures per meter), the 
DLS supplies the more appropriate data set for determining this parameter. However, since 
fracture spacings measured on the DLS are “apparent” spacings, a correction must be applied to 
obtain the “true” spacing between fractures of a joint set (i.e., the spacing calculated 
perpendicular to the plane of the joint set). Figure 3 is a hypothetical cross-sectional view of 
exposed fractures in an underground excavation. The figure shows the grouping of fractures into 
three different hypothetical orientation sets (red, green, and blue) and an additional random set 
(brown). In the figure, apparent fracture spacing is shown as the measured difference in location 
along the DLS between fractures of the same set. Trace lengths are the measured lengths of the 
exposed fracture, as shown at the right end of Figure 3. Fracture spacing and trace length 
distributions are discussed in Section 6.4.2 of this AMR. 
Subsequent studies by the USGSRJSBR have generated data on “small-scale” fractures with trace lengths less than 
1 m (DTN: GS9909083 14224.009). This data were collected at six locations in the Tptpmn (2 locations), Tptpll(3 
locations), and Tptpln (1 location) and thus does not provide a representative data set for the purposes of this 
analysis. 
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6.3 VULCAN MODEL ESF-CBD VERSION 1 
As previously described, the FPGMs are 2-D AutoCAD map drawings of the tunnels at Yucca 
Mountain, which contain both geologic contact and fracture orientation data. In order to 
associate the fracture orientation data with lithology, a VULCAN solids model was constructed in 
which this data were sorted into the individual lithostratigraphic units where they were mapped. 
The following sections describe the construction of this model in three steps. Section 6.3.1 
describes how geologic contact data were extracted from the FPGMs and imported into 
WLCAN. Section 6.3.2 describes the VULCAN methodology used to construct the solids model 
of the lithostratigraphic units. Section 6.3.3 describes how the fracture data were first extracted 
from the FPGMs and imported into VULCAN where the data were associated or “flagged” with 
the solids of the lithostratigraphic units. Finally, the validation of the model is presented in 
Section 6.3.4. 
I I I I I 
STA 36+00 STA 35+90 STA 35+80 STA 35+70 STA 35+60 STA 35+60 
Apparent Spacing for Red Joint Set (Average Spacing = 4.8 m) 
SL SL 
Hypothetical Joint Set Orientations (Strike and Dip): 
Red Joint Set: 184/81 ; Green Joint Set: 330/87 ; Blue Joint Set: 334/05 
Note: This is a color figure and information will be lost if reproduced in black and white. 
SL = Springline 
Figure 3. Hypothetical Cross-Sectional View of Exposed Fractures in an Underground Excavation 
6.3.1 Converting Selected Full-Periphery Geologic Mapping Layers from 2-D to 3-D 
Because the FPGMs are an unrolled, scaled representation of the subsurface excavations at 
Yucca Mountain, it is possible to convert specific mapped geologic data from a 2-D to a 3-D data 
set and to register these data in Nevada State Plane coordinates. The mapped geologic data then 
provides the basis for constructing the VULCAN solids model. An example of a FPGM 
converted from 2-D to 3-D is presented in Figure 4, while the conversion process is summarized 
in Figure 5. 
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AutoCAD Version of the 2-D 
FPGM for ESF Stations 27+00 to 28+00 
showing AutoCAD layers: 
GEOMECH, FRAC, SPLINE, and TUNNEL 
FRAC GEOMECH 
TUNNEL SPLINE 
STA 28+00 STA 27+00 
FPGM after conversion to 3-D using the 
software routine CURVED.pl * (viewed after 
upload into VULCAN). 
GEOMECH . .  
SPLINE 
STA 27+00 
For straight sections of the ESF and CBD the software routine “STRAIGHT.pl” is used for the 
conversion from 2-D to 3-D 
Figure 4. Conversion of a Two-Dimensional Full-Periphery Geologic Mapping AutoCAD Drawing from 
the Exploratory Studies Facility Between Stations 27+00 and 28+00 to a VULCAN Three- 
Dimensional Representation 
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As described in Section 6.2.1, the FPGMs were constructed using a “layered” approach in 
AutoCAD. This approach allowed for the selective export of the specific data needed to support 
the purpose of this AMR as stated in Section 1. To this end AutoCAD 14 was used to open the 
USGS/USBR dxf files obtained from the TDMS (see Section 4.1.1) and display only those layers 
containing the data used in this AMR. These layers were displayed by using the AutoCAD 
“format/layer” command sequence and turning the layer display on or off as appropriate using 
the built-in layer “odoff’ toggle function. The displayed layers were then directly downloaded 
to a dxf formatted file using the “file/export” command sequence and checking the “selected 
objects” box under “options.” 
The “layer” dxf files were electronically displayed and visually compared to hardcopy printouts 
of the original FPGM AutoCAD dxffiles to ensure that the data contained on the layer dxffiles 
accurately represented the data contained in the original FPGM drawings. The layer dxffiles are 
listed as part of the ESF-CBD file listing presented in Attachment I. The dxffiles containing data 
from layers associated with the ESF are identified by the numeric interval identifier only (i.e., 
1700geoZ.&fl, while for dxffiles associated with the CBD the numeric identifiers are proceeded 
by an “x” (i.e., x2300geo.dxfl. The alpha characters following the numeric identifiers are used to 
indicate the type of data contained in the files. Table 7 presents examples of the naming 
convention used for each of the individual layer-type dxffiles. 
~ 
FPGM dxf Files 
‘I 
Select appropriate AutoCAD 
layers from FPGMs: 
SUBCNT 
GEOMECH 
FAULT 
SHEAR 
Define 2-D VULCAN Project: esf4 
(design file esf4.dgl) 
-+ 
Save selected layers to 
individual dxfforrnat files 
esf4 
Generate Reloadable dbl files 
(e .g . , Esf4 1700-dgdl. dbl) 
Define 3-D VULCAN Project: esf43d 
(design file esf43d.dgl) 
Convert dbl files from 2-0 to 3-D 
using software routines 
STRAIGHTpl V.01 or CURVED.pl V.01 
(e.g . , esf41700a-dgdldbl) 
Figure 5. Flow Diagram Showing Steps for the Conversion of 2-D FPGM Layers to 3-D VULCAN 
Graphics Files 
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Table 7. Examples of File Names and the Naming Conventions Used for DXF Files Extracted from Full 
Periphery Geologic Mapping Files 
Naming Convention Used for 
FPGM Layers of the ESF 
1700base.dxf 
1700geol.dxf 
1700shrs.dxf 
1700flts.dxf 
Naming Convention Used for 
FPGM Layers of the CBD 
XI 000-bS.dxf 
x1000geo.dxf 
XI 000shr.dxf 
x2500flt.dxf 
Description 
Base outline for FPGM of ESF Stations 17+00 to 18+00 
Geologic contacts (e.g., lithostratigraphic contacts) for FPGM of ESF 
Shears (sheared contacts) for FPGM of ESF Stations 17+00 to 18+00 
Faults (faulted contacts) for FPGM of ESF Stations 17+00 to 18+00 
Description 
Base outline for FPGM of CBD Stations 11 +00 to 12+00 
Geologic contacts (e.g., lithostratigraphic contacts) for FPGM of CBD 
Shears (sheared contacts) for FPGM of CBD Stations 11+00 to 12+00 
Faults (faulted contacts) for FPGM of CBD Stations 25+00 to 26+00 
The lithostratigraphic contact data used in constructing the solids model is contained on either 
the AutoCAD layer “SUBCNT” or “GEOMECH” (see Table 6), while offset data for faulted 
contacts is contained on layers “FAULT” and “SHEAR.” For construction of the solids model it 
was first necessary to save these layers to individual dxfformatted files. To convert the FPGM 
layers from 2-D to 3-D, the layer dxffiles were then uploaded into a 2-D VULCAN project, esf4 
(defined by the design graphic file esf4.dgl in Attachment I). The 2-D VULCAN project was 
created to store the hffiles and to allow the translation of these into the VULCAN d g d  design 
file format. From VULCAN, the data were then downloaded as “reloadable” dbl files (which are 
ASCII versions of the VULCAN dgd file type) using standard VULCAN tools. The resultant files 
are listed in Attachment I (e.g,, esf41700-dgdl.db1, where 1700 is the numeric interval 
identifier). 
As described in Section 6.2.1, different methods are used for the conversion of FPGM data to 
Nevada State Plane coordinates for straight and curved sections of the tunnels. To accomplish 
this conversion two software routines, STRAIGHTpl V.01 (CRWMS M&O 2000h) and 
CURVED.pZ V.01 (CRWMS M&O 2000e), were developed and qualified for use to convert the 
reloadable VULCAN dbl files from 2-D to 3-D Nevada State Plane coordinates. This conversion 
is accomplished by executing the routines STRAIGHTPI V. 01 (used along straight sections of the 
ESF and CBD layout) or CURVED.pl V.01 (used along curved sections of the ESF and CBD 
layout) using standard Unix ped script commands (syntax: perl “software routine ” <old file> 
newfile) for each of the reloadable dbl files. In Attachment I the resultant files are indicted by 
the addition of the alpha character “a” after the numeric interval identifier (e.g., 
esf41700a-dgd1.dbl). This conversion provides the basis for constructing the VULCAN solids 
model. 
Because straight sections of tunnel are treated differently from curved sections of tunnel it was 
sometimes necessary to subdivide the FPGMs into straight and curved portions. This 
subdivision was conducted for the layer-type dxffiles only and is indicated by “odd” numeric 
interval identifiers used in the file naming (e.g., a curved portion of the CBD begins at Station 
VULCAN dgd or “design graphics database” files are similar in structure and hnction to AutoCAD dwg files. 4 
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23+20, thus the corresponding &f filename for the lithostratigraphic contact layer would be 
x2320geo. dxf) . 
After conversion of the dbl files from 2-D to 3-D, the resultant files are loaded into a new 3-D 
VULCAN project, esf43d (defined by the design graphic file esf43d.dgl in Attachment I), which 
is used to construct the solids model. The reloading process automatically converts the dbl files 
to dgd files. Figure 4 shows the FPGM for ESF Stations 27+00 to 28+00 converted from 2-D to 
3-D. For illustrative purposes, the AutoCAD layers containing the tunnel outline (layer 
TUNNEL), the springlines (layer SPLINE), the fracture traces (layer FRAC), and the contact 
(layer GEOMECH) between Tptpul (TSwl) and Tptpmn (TSw2) are shown in Figure 4. 
6.3.2 Constructing the WLCAN Solids Model 
The steps used in generating a solids-model of the tunnel geology as encountered by the TBM is 
summarized in Figure 6 and discussed below. Specifically, to generate a solids model of the 
tunnel geology a cylindrical model of the ESF and CBD tunnel system was generated as a first 
step. The coordinates for construction of the centerlines were obtained using the software 
routines ESF4-XYZ KO3 (CRWMS M&O 1999e) and ECRB-XYZ KO3 (CRWMS M&O 19990 
to generate coordinates for the centerline inverts at intervals of 5 m for the ESF and 10 m for the 
CBD’. The centerlines coordinates were determined using these software routines, which in turn 
were developed based on the designed centerline of the ESF and CBD as defined in ESF Layout 
Calculation (CRWMS M&O 1996) and East- West Cross Drgt Starter Tunnel Layout Analysis 
(CRWMS M&O 1998b), respectively. The resulting files (esf-cli.csv and cbd-cli.csv) were saved 
in ASCII format and uploaded into the VULCANproject, e544434 as (see Attachment I). 
In VULCAN a “primitive model6” or simply a “primitive” of the tunnel profile is applied to the 
centerlines of the tunnels. To ensure that all of the fracture data is contained within the diameter 
of the modeled tunnel, a slightly larger diameter was used for the primitives. For the ESF, a 
primitive diameter of 7.8 m was used (actual diameter is 7.62 m (CRWMS M&O 1996, p. 4)), 
while for the CBD, a diameter of 5.2 m was used (actual diameter 5.0 m (CRWMS M&O 1998b, 
p. 12)). In modeling both the ESF and the CBD, the primitives were spaced in 10-m steps 
centered along the tunnel centerlines over the entire length of the tunnels. The primitives were 
then triangulated in VULCAN to create the solids model of the ESF and CBD tunnels (see 
Attachment I: esf - cbd-tunnel.00t7). Figure 7a shows a portion of the solids model for the ESF. 
Next, polygons required to create triangulated surfaces8 representing the geologic contact from 
the FPGMs were created. These “contact polygons” were created using the reloaded 3-D dgd 
files containing the lithostratigraphic contact data from the FPGMs (see Section 6.3.1). Using 
a 
The solids model generated by the 10 m spacing for the CBD was found to be sufficiently detailed for the purpose 
The primitive model is a multi-sided user-defined polygon, used here to approximate the circular profiles of.the 
5 
of generating the fracture orientation data set as described in Section 6.3.3. 
TBM excavated portions of the ESF and CBD. In constructing the model tunnels used in this AMR, 50-sided 
polygons were used as primitive models for both the ESF and the CBD. ’ WLCAN triangulations for both surfaces and solids are identified by the file extension “OOt” as listed in 
Attachment I. 
model as long as the triangulated surface completely cuts the solid. 
6 
In VULCAN a triangulated surface generated from a polygon can be used to “clip” or cut the triangles of a solids 
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the contact information as a reference, polygons duplicating the contacts were created using the 
VULCAN “Design/Create/Polygon” function. In order to ensure that the contact surfaces 
completely cut the tunnel model, the polygon representing the contacts were “expanded” (using 
the VULCAN “Design/Edit/Polygon/Expand” function) in a plane approximating the strike and 
dip of the contact until they completely cut the tunnel solid. The polygons were triangulated to 
create the surface triangulations using the VULCAN “model/triangle - surfaces/create” function. 
Finally, to create the solids model of the lithostratigraphic units as encountered by the TBM, the 
tunnel model was intersected by the surface triangulations representing the contacts (see Figure 
7a). Using the VULCAN Boolean function (modehiangle utilitieshoolean) the tunnel model 
was clipped to match the surface of the intersected contact triangulation and a new triangulation 
or solid was created. The VULCAN Boolean function consists of intersecting and clipping one 
triangulation by another, in this case, the tunnel triangulation is clipped by the triangulation of 
the contact (as shown in Figure 7b). Since the polygon which was used to clip the tunnel solid 
was expanded in a plane which only approximates the strike and dip of the, slight variances in 
the modeled contact and the original mapped contact are inevitable. As can be seen in Figure 7c, 
these variances are minimal (note the difference between the mapped contact and the contact 
between the triangulated solids) and have no significance in the VULCAN solids model for its 
intended use of segregating the FPGM fracture data into corresponding lithostratigraphic units. 
Create centerline of ESF and CBD 
using the software routines 
ESM-XYZ KO3 and ECRB-XYZ V03, 
respectively, to calculate Nevada State 
Plane coordinates 
v 
Save calculated centerline coordinates in 
csv file format (esf-c/i.csv and cbd-c/i.csv) 
I Upload csv files into esf43d I 
generate a cylindrical solid model 
about the ESF and CBD centerlines 
VULCAN Project esf43d 
Construct polygons of contact 
surfaces from 3-D dgd files 
Expand contact polygons in a 
plane approximating the 
strike and dip of the contact 
Generate a triangulated surface 
of the contact using the expanded 
contact polygon 
v 
v 
clip and save the intersected solids 
model of the ESF and CBD 
Figure 6. Flow Diagram Showing Steps for the Construction of the ESF-CBD Solids 
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a 
b 
C 
Figure 7. Construction of the VULCAN Solids Model for the Lithostratigraphic Units of the Repository 
Host Horizon: (a) Intersection of Tunnel Triangulation with Contact Triangulation; (b) Boolean 
Clipping of Tunnel Triangulation; and (c) Modeled Contact 
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6.3.3 Generating the Fracture Orientation Data Set 
As discussed in Section 6.2.3, the FPGMs were selected as the source of fracture data used in 
developing a directionally unbiased database for the determination of joint set orientation. 
(Figure 8 summarizes the process for creation of this database.) The fracture data is contained in 
the FPGM AutoCAD files on the layer “SYMTXT.” Within the layer SYMTXT, fracture data in 
the form of strike and dip values are grouped into individual AutoCAD fracture data entry 
blocks’. An example of a fracture data entry block is presented in Table 8. To extract fracture 
data from FPGMs, the SYMTXT layers of each map were exported as temporary &$formatted 
files” (see Attachment 11) upon which the software routine FPGM-SD Check K O 1  (CRWMS 
M&O 1999c) was executed. FPGM-SD Check KO1 was used to extract the strike (Table 8, 
Row 19) and dip (Table 8, Row 35) values, as well as the Cartesian coordinates” (Table 8, 
Row 5) associated with the block’s insertion point in the AutoCAD drawings from the SYMTXT 
layer. The extracted data were saved as the txt formatted files as listed in Attachment 11. 
1 FPGM Drawing Files 1 
Select AutoCAD layer SYMTXT 
from each FPGM and save 
as individual dxf files 
extract FPGM fracture data 
v 
Convert Cartesian coordinates to 
Nevada State Plane coordinates 
v 
For straight portions of the ESF and CBD use 
either EXF4-XYZ KO3 or ECRB-XYZ V.03 
v 
For curved portions of the ESF and CBD 
use FPGM-Polarcon V.02 
Nevada State Plane Coordinates in 
MS Excel 97 and save in csv file format 
a “samples” database by executing the 
“geology/compositing/straight” 
command sequence and “Flag” the 
fracture data according to the 
create a geotechnical database 
Export the flagged data in ASCII format 
esf4 wall-tek-geotek. tbl) 
Figure 8. Flow Diagram Showing Steps for the Creation of the FPGM Fracture Database 
A block is a collection of user-defined objects formed into a single data-entry object within a drawing and may 
consist of both text and graphical information. 
lo  For convenience the temporary drffiles used in this AMR retained the original file names of the FPGMs, but were 
stored in a separate file folder. 
Note that the elevation coordinate “Z” is set to zero in all FPGMs. I 1  
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Table 8. Example of an AutoCAD Fracture Date Entry Block on Layer SYMTXT 
Line AutoCAD Block Listing 
1 BLOCK REFERENCE Layer: XRF2460$O$SYM 
2 SDace: Model mace 
3 Handle = 5489C ' ' 
4 XRF2460$O$WJOINT 
5 at Doint. X=-2597.5318 Y=-281.4020 Z= 0.0000 
6 X scale factor 1 .OOOO 
7 Y scale factor 1 .OOOO 
8 rotation anale 256.6000 
9 Z scale factor 1 .OOOO 
10 ATFRIBUTE Layer: XRF2460$O$SYMTXT 
11 Space: Model space 
12 Handle = 54890 
13 Style = XRF2460$O$VLEROY 
14 Font file = bureau 
15 substituted by simplexshx 
16 end Doint. X=-2597.3032 Y=-281.5434 Z= 0.0000 
17 height 0.1500 
18 value 170 
19 taa STRIKE 
20 rotation angle 76.6000 
21 width scale factor 0.9000 
22 Press ENTER to continue: 
I 23 I obliauina anale 0.0000 1 
24 flags normal 
25 generation normal 
26 ATTRIBUTE Layer: XRF2460$O$SYMTXT 
27 SDace: Model soace 
I 28 I Handle = 5489E 1 
29 Style = XRF2460$O$VLEROY 
30 Font file = bureau 
31 substituted by simplex.shx 
32 end Doint. X=-2597.8231 Y=-281.7249 Z= 0.0000 
33 height 0.1500 
34 value 77 
35 tag DIP 
36 rotation anale 76.6000 
I 37 I width scale factor 0.9000 1 
38 obliquing angle 0.0000 
39 flaas normal 
40 generation normal 
41 END SEQUENCE Layer: XRF2460$O$SYM 
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For straight sections of the ESF and CBD, the Cartesian coordinates for the fracture data 
obtained from FPGM-SD Check V.01 were converted to Nevada State Plane coordinates using, 
the software routines ESF4-XYZ V.03 (CRWMS M&O 1999e) and ECRB-XYZ V.03 (CRWMS 
M&O 19990. For curved portions of the tunnel, the Nevada State Plane coordinates for the 
fracture data obtained from FPGM-SD Check KO1 were calculated using the software routine 
FPGM Polarcon V.02 (CRWMS M&620000. The resulting fracture orientation data set was 
compiled into a single MS Excel 97 spreadsheet and saved as the csv formatted file sd-wall.csv 
(see Attachment I) for uploading into the VULCAN solids model ESF-CBD. Using the VULCAN 
database-editing module “DBEUTE” a geotechnical database esf4wall. tek (see Attachment I) of 
the FPGM fracture data were created. Using the VULCAN command sequence 
“geology/compositing/straight,” this database was converted to a VULCAN “samples” database 
as a necessary preliminary step to flagging the fracture data in the solids model. In VULCAN, 
the samples database allows the fractures to be flagged according to the triangulated solids model 
(i.e., lithostratigraphic units) in which they are located. This flagging is accomplished using the 
VULCAN command sequence “geology/sampling/flagging/solids.” The resulting flagged 
geotechnical database was output in ASCII format as esf4wull tek_geotek.tbl (see Attachment I) 
as the FPGM fracture orientation database used in the analysis presented in Section 6.4. This 
database contains 35,9 10 records, which are individually flagged according to the solids 
representing the lithostratigraphic units in which they occur as TPTPUL, TPTPMN, TPTPLL, 
TPTPLN, or  NULL'^. 
6.3.4 Solids Model Validation and Adequacy 
As described in Section 6.4.1, the solids model was constructed based on the FPGM contact 
information. It replicates the data within the limits of the triangulation and Boolean 
methodologies used. For this reason, a visual comparison of the resultant solids model to the 
FPGMs is sufficient to validate the model representation. A visual comparison of each of the 
contacts was conducted as part of the modeling process, and the modeled solids were found to 
accurately portray the contacts as mapped in the FPGMs. Therefore, the model is considered a 
valid representation of the excavated subsurface geology as encountered by the TBM. 
6.4 FRACTURE GEOMETRIC PARAMETERS 
The following sections present both the methods used to determine the fracture geometric 
parameters, and the obtained results for each of the lithostratigraphic units of the RHH. Joint set 
orientations are discussed in Section 6.4.1. Joint set spacing and trace length distributions are 
discussed in Section 6.4.2. 
6.4.1 Determining Joint Set Orientations 
The fracture strike and dip data derived from the FPGMs was manually extracted (using the MS 
Excel 97 sort, copy, and paste functions) from the file esf4wall tek_geotek.tbl (see Section 6.3.3 
and Attachment I) and subdivided into four subsets based on the VULCAN solids flagging for the 
lithostratigraphic units. These subsets were saved in the software DIPS V4.03 (CRWMS 
The NULL flag was used to represent 137 fractures that fell outside of the solids triangulations. These were 12 
individually evaluated and assigned the most appropriate representative lithostratigraphic flag. 
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M&O 1997b; hereafter DIPS) file format (*.dip files listed in Attachment 11) for subsequent 
stereographic analysis using DIPS. 
In order to group fractures into distinct joint sets based on their orientation, a stereographic pole- 
vector analysis using the Schmidt equal-area lower-hemisphere projection is conducted. The 
equal area method is the preferred method for the statistical representation of fracture 
orientations (Goodman 1976, p. 65; Brady and Brown 1985, pp. 70-73) and is the suggested 
method of the International Society of Rock Mechanics (Brown, 1981, p. 10). DIPS' employs 
this stereographic projection technique for determining joint set orientations. 
The stereographic analysis consisted of generating scatter plots, contour plots, and strike rosettes, 
which were used to identi@ the major planes for each of the lithostratigraphic units (see 
Attachment 111). The scatter plots are used to represent the raw data from which the contour and 
strike rosettes are generated. The orientation of major planes representing the mean orientation 
of the joint sets were selected based on the pole-vector concentrations observed in the contour 
plots. The strike rosettes were used to confirm the azimuth orientation of the major planes. 
A summary of the joint sets determined through stereographic analysis for each lithostratigraphic 
unit is presented in Table 9. In general, each of the lithostratigraphic units displays one primary 
south to southeast striking, steeply dipping, joint set with one or more secondary steeply dipping 
sets and a subhorizontal set. The results of the stereographic analyses presented here are in close 
agreement with results obtained in an earlier analysis based only on DLS data (CRWMS 
M&O 1998a). In this earlier report, stereographic analysis was conducted on 500-m intervals 
over the entire length of the ESF. The report examined joint set groupings based on the thermal 
mechanical stratigraphic nomenclature used in the design of the ESF. For this reason, only the 
TSw2 unit, which as exposed in the ESF and consisting almost entirely of Tptpmn, can be used 
for comparison to the current study. In Geology of the Exploratory Studies Facility Topopah 
Spring Loop (CRWMS M&O 1998a), a rotation of the strike rosettes from an east-southeast 
direction at the northern end of the ESF Main Drift to a south to south-southeast direction at the 
southern end of the ESF Main Drift was observed. Although this rotation was not reexamined in 
this analysis, these observed trends are not in question and warrant mention. 
Based on the stereographic analysis, the predominant joint set for Tptpul has a near north-south 
strike. The predominant joint set orientation of the remaining three units is southeast to south- 
southeast. The stereographic analysis of Tptpul exhibits less well-defined joint set orientations 
than the analyses for Tptpmn, Tptpll, and Tptpln. The lower three units (Tptpmn, Tptpll, and 
Tptpln) have clearly defined secondary joint set orientations as opposed to the less well defined 
upper unit (Tptpul). In Tptpul, the steeply dipping sets range from south-southeast (12 1 "/83") to 
south-southwest (2 10"/82"). In each of the units, a north-northwest striking subhorizontal joint 
set is observed. Only in Tptpul is a joint set with a medium dip (307"/47") observed. 
Examination of the occurrence of this joint set within the DLS data set shows that the medium 
dip orientation is only found in the lower third of the Tptpul, roughly corresponding to the rock 
volume between the top of the RHH as defined in Determination of Available Volume for 
Repository Siting (CRWMS M&O 1997a, Section 7.3) and the top of the Tptpmn. 
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Table 9. Joint Set Orientations for the Lithostratigraphic Units 
Joint Sets I Joint Set Orientations (Strike and Dip) for Lithostratigraphic Units I 
(JS) Tptpul Tptpmn Tptpll Tptpln 
JS - 1 I a 6 ~ a 2 "  131"/84" 145"182" 136"/79" 
JS-2  I 2 I va30 209va30 I a o 0 / 7 ~  209"/82" 
JS - 3 156"181 O NA NA NA 
J S - 4  21 0"/82" NA NA NA 
JS - Medium DiD 307"147" NA NA NA 
1 JS -Sub Horizontal 1 310"14" I 329"109" I 31 5"/05" I 330"/13" I 
The development and use of a directionally unbiased fracture orientation data set for the 
determination of joint set orientations (e.g., see Table 9) is intended to address the NRC concern 
regarding fracture orientation bias as described in Issue Resolution Status Report Key Technical 
Issue: Structural Deformation and Seismicity (NRC 1999, Section 5.3.1, Criterion 1). 
6.4.2 Determination of Joint Set Spacing and Trace Length Distributions 
The DLS data set variables "STATION," "STRIKE," "DIP," "TRACE A," and "TRACE-B," 
for the DLS data sets identified by DTN in Section 4.1.3, were comp&ted into a single MS 
Excel 97 ~preadsheet'~, ESF ECRB.xls (see Attachment II), using standard MS Excel 97 
functions (copy and paste). M S  Access 97 was used to query this DLS data set in order to 
extract pertinent fracture data for those fractures associated with the individual joint sets 
described above. First, the data were subdivided into the lithostratigraphic units in which the 
measurements were collected, based on the station location where the contacts were crossed by 
the DLS. For the ESF, the DLS was conducted approximately 0.9 m below the right-rib 
springline, while in the CBD, the DLS was conducted along the left-rib springline. The specific 
criteria used for extracting the fracture data are presented in Table 10. 
Next, the data were further subdivided into the individual joint sets as identified in Section 6.5, 
Table 9, of this AMR, based on association criteria for each of the individual joint sets. This 
subdivision allowed the spacing and trace length characteristics for each of the representative 
joint sets to be assessed. The specific queries used in MS Access 97 are listed in Table 11. The 
criteria for selecting the fracture subsets were determined through examination of the stereoplots 
in Attachment 111. For the subhorizontal joint sets, all fractures with dips less than 30" 
(independent of strike direction) were selected for inclusion in the individual data sets. Strike 
was not considered since it is of little interest to tunnel stability when examining subhorizontal 
fractures. For the steeply dipping joints (joints dipping generally more than 70"), a window of 
approximately +/- 15" around the strike of the representative joint sets, independent of dip 
direction, was generally used as a selection criterion. These criteria were found to be sufficient 
in describing fractures belonging to the individual joint sets. 
l 3  Only individual fractures with strike and dip measurements were included; fracture zones were treated by 
necessity as individual fractures. 
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Table 10. Detailed Line Survey Data Set Selection Criteria for Lithostratigraphic Units 
6.4.2.1 
~~ 
Station Selection Criteria 
Stationing Expressed 
Lithostratigraphic Unit Tunnel in meters 
ESF >=I 797.2 and e2720 
Tptpul 
>=6308 and ~6324.2 
>=6327.5 and e6455 
>=6791 .a and e6846 
I ESF I >=7167.5and ~7301.5 I 
I CBD I 4015 I 
CBD >=2585 and ~2657.5 
ESF >=2720 and ~5729.2 
Tptprnn 
I ESF I >=5878.3and ~ 6 3 0 8  I 
I ESF I >=6324.2and<6327.5 I 
~~~~ 
ESF >=7057.4 and ~7167.5 
CBD >=I015 and e1444 
ESF >=5729.2 and <5878.3 
CBD >=1444ande2326 
Tptpll 
Tptpln CBD >=2326and<2585 
Joint Set Spacing Distributions 
True spacing values (i.e., the spacings measured normal to the plane of the joint sets) for each of 
the joints sets were calculated using the software routine RTJS KO2 (CRWMS M&O 2000g). 
Distributions in the form of histograms and cumulative percents for the data sets were developed 
using the MS Excel 97 “tools/data analysisihistogram” command sequence and selecting the 
display options “cumulative percentage” and “chart outputs”); these distributions are presented 
in Attachment IV as histograms and cumulative frequency distribution curves. The spacing data 
and distributions generated by this AMR are in DTN: M00008SPAFRA06.004. Because only 
those fractures that were visible were measured in the DLS @e., fractures covered by ground 
support were not measured), a cutoff of 16.5 m, or three times the emplacement drift diameter of 
5.5 m, was employed to reduce the resultant bias towards large fracture spacings in the data 
collection. Additionally, this cutoff was chosen because it would be highly unlikely for fractures 
with such large spacings to produce blocks with the kinematics for failure considering the 
diameter of the proposed emplacement drifts. 
Examination of the joint spacing distributions presented in Attachment IV shows that the 
majority of these distributions are generally log normal, approximating an inverse exponential 
distribution. This suggests a random distribution of fracture intersections with the DLS or, in the 
case of the true spacings, with the normal to the plane of the joint set (Hudson and Priest 
1979, p. 342). Table 12 presents a summary of the spacing data in terms of both average and 
median values. 
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Table 11. Detailed Line Survey Data Set Selection Criteria for Joint Sets 
Lithostratigraphic 
Unit 
Tptpul 
Tptpmn 
Tptpll 
Tptpln 
Selection Criteria 
Strike 
Joint Set (degrees) (degrees) 
>=171and498 
>=351 and 4 8  >70 
JS-1 
~ ~ 
>=198and<=225 >60 
>=18and<=45 >70 
JS-2 
>=138.5 and 4 7 1  >60 
>=318.5 and e351 >70 
>=I 06 and < I  38.5 >60 
>=286 and ~318.5 >70 
JS-Subhorizontal Not Applicable e30 
JS-Medium Dip >=292 and <=322 >=30 and <=70 
JS-3 
JS-4 
r=114and<=148 >70 
>=294and<=328 >70 
JS-1 
>=I94 and <=224 >70 
>=I4 and <=44 >70 
JS-Subhorizontal Not Applicable e30 
JS-2 
>=129and<=161 >70 
>=311 and <=339 >70 
JS-1 
>=I65 and <=I95 >70 
<=I 5 or >=345 >70 
JS-Subhorizontal Not Applicable e30 
>=I21 and <=I51 >70 
>=301 and <=331 >70 
>=I94 and <=224 >60 
>=I4 and <=44 >60 
JS-2 
JS-1 
JS-2 - 
JS-Subhorizontal I Not Applicable I <30 1 
The highest intensity of fracturing in the RHH as determined from the DLS data set is associated 
with the nonlithophysal units Tptpmn and Tptpln. Tptpmn exhibits the highest degree of 
fracturing with the steeply dipping southeast striking joint set (JS- 1) and the subhorizontal joint 
representing the predominant orientations. JS-1 of Tptpmn has an average spacing of 0.60 m 
(median value is 0.22 m), while the subhorizontal joint set has a similar average spacing of 
0.56 m (median value is 0.29 m). The presence of the intensely fractured zone in the ESF Main 
Drift between stations 42+00 and 5 1+50 (Albin et al. 1997, p. 28) may have strongly influenced 
the tight spacing of JS-1 . This portion of the Main Drift contains a zone of very closely spaced 
JS-1 fractures, which commonly exhibit spacings less than 0.3 m. Fracture intensity in Tptpmn 
is approximately five times as intense as in the lithophysal units, while the Tptpln unit exhibits 
fracture intensities more than twice that observed in the lithophysal units. 
ANL-EBS-GE-000006 REV 00 32 August 2000 
Table 12. Joint Set Spacing Summary Data 
Tptpul 
JS-Subhorizontal 3 1 5/05 2.94 0.57 
JS-1 136179 1.44 0.74 
Tptpln JS-2 209182 2.51 1.36 
JS-Subhorizontal 33011 3 2.85 1.64 
6.4.2.2 Joint Set Trace Length Distributions 
Trace lengths of fractures were determined by summing the two measurements identified in the 
USGSAJSBR DLS as “TRACE A” and “TRACE B” (trace lengths measured above and below 
the DLS respectively) using the MS Excel 97 built-in sum function. Trace length referes to the 
measured trace on the tunnel wall of the visible portion of a fracture. Table 13 presents a 
summary of the trace length data in terms of both average and median values. All fractures with 
a trace length greater than 1 m (the cutoff used by the USGS/USBR when collecting the majority 
of the data) were considered in this analysis. Examination of the trace length distributions 
presented in Attachment V shows the majority of these distributions as log normal, similar to the 
spacing distributions, and also, that they approximate an inverse exponential distribution. The 
random joint set refers to all fractures not included in the defined joint sets. Trace lengths and 
distributions generated by this AMR are in DTN: M00008SPAFRA06.004. 
In general, trace lengths appear to be slightly longer in the lithophysal units than in the 
nonlithophysal units. This is particularly true for the subhorizontal joint sets. Although this 
result appears to contradict the discussion by Sweetkind and Williams-Stroud (1996, p. 62), 
presented in Section 6.1 of this analysis, it can be reasoned that the trace length measurements 
are actually biased by the high intensity of fracturing in the nonlithophysal units. Additionally, 
fracturing which occurred subsequent to the formation of the original features (i.e., cooling joints 
and vapor phase partings) would tend to be truncated by these features, while faults or shears 
would tend to “break apart” older features. 
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Table 13. Joint Set Trace Length Summary Data 
Average Trace Median Trace 
Length Length 
(meters) (meters) 
Joint Set StrikelDip 
Identification (degrees) Lithostratigraphic Unit 
JS-1 186182 3.50 2.13 
JS-2 121183 2.85 2.08 
JS-3 156181 2.91 2.20 
Tptpul JS-4 210182 3.07 2.10 
JS-Subhorizontal 310114 5.16 4.10 
JS-Med 307147 8.29 6.90 
I Random I Not ADDlicable I 3.85 I 2.10 I 
Tptpmn 
I JS-1 I 131184 I 2.54 I 2.03 I 
I JS-2 I 209183 I 2.71 I 1.73 I 
I JS-Subhorizontal I 329109 I 3.23 I 2.06 I 
I Random I Not AoDlicable I 2.54 I 1.90 I 
JS-1 145182 4.56 2.1 1 
JS-2 180179 4.02 1.70 
JS-Subhorizontal 31 5/05 7.36 3.42 
Random Not Applicable 3.24 1.88 
Tptpll 
JS-1 136179 4.07 2.30 
JS-2 209182 4.61 1.89 
JS-Subhorizontal 33011 3 1.55 1.27 
Random Not Applicable 4.25 1.86 
Tptpln 
6.5 INPUTS FOR THE DRIFT DEGRADATION ANALYSIS SOFTWARE DRKBA 
The Drift Degradation Analysis AMR (CRWMS M&O 2000b) utilizes the acquired software 
product DRKBA (CRWMS M&O 20009 to conduct a probabilistic assessment of the possible 
formation of key blocks in the excavations for the potential repository at Yucca Mountain. The 
software DRKBA simulates structural discontinuities (Le., fractures, faults, and shears) as circular 
discs placed in the rock mass and requires specific fracture geometric parameters as input to 
accomplish this simulation. These parameters include joint set orientation, fracture spacing, 
fracture trace length, and the location of the fracture center (Stone 1999, Section 9). The first 
three parameters were discussed in previous sections of this analysis. The final parameter 
“fracture-center location” is presented in this section. The data is listed in column “J” in the joint 
set  worksheet^'^ of the four MS Excel 97 spreadsheets generated by this analysis (DTN: 
M00008SPAFRA06.004). 
Each spreadsheet contains several worksheets: a series of joint set worksheets identified by JS in the worksheet 
title and a final worksheet containing the original DLS data used in this AMR for each of the lithostratigraphic units. 
14 
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The location of the fracture center is measured as the distance above or below the DLS. This 
parameter is easily determined as the measured trace above the DLS (DLS measurement variable 
TRACE A) minus half the total fracture trace length. A simple arithmetic cell calculation was 
written in MS Excel 97 (using standard MS Excel 97 notation) as: 
=G6-16/2 Eq. (6-1) 
where, “G6” is the cell containing the measured trace above the DLS data, “16” is the cell 
containing the total measured trace length of the fracture. The cell formula is copied into each of 
the spreadsheets as needed to complete the calculation. A hand calculator was used to confirm 
that the data and formula were appropriately entered into the four spreadsheets. 
7. CONCLUSIONS 
This AMR examined the geometries of joint sets in the lithostratigraphic units associated with 
the RHH. Specifically, the orientation, spacing, and trace length of fractures associated with 
individual joint sets were examined for the lithostratigraphic units Tptpul, Tptpmn, Tptpll, and 
Tptpln of the crystal-poor member of the Topopah Spring Tuff. The results of this AMR supply 
the geometric input parameters (joint set orientation, joint set fracture spacing and trace length 
distributions, and fracture center locations) for the acquired software code DRKBA (CRWMS 
M&O 1999i), which is used in the determination of key block sizes and distributions within the 
Drift Degradation Analysis AMR (CRWMS M&O 2000b). Additionally, the fracture orientation 
information presented in this AMR provides input for selecting the orientation of the 
emplacement drifts used in design of the potential repository. The geometric parameter results 
are contained in DTN: M00008SPAFRA06.004 and are unqualified because of the unqualified 
status of the software product VULCAN used in the development of this data. Use of these 
results must be tracked as unqualified in accordance with appropriate procedures. 
Fracture orientation data contained in the USGSLJSBR FPGMs of the ESF and CBD was used to 
provide a directionally unbiased examination of joint set orientations. The FPGMs represent a 
volume or 3-D sampling of fracture orientations which includes all fractures independent of 
orientation, as opposed to the USGS/USBR DLS, which represents a 2-D sampling. 
Development and use of the FPGM fracture orientation data set for the determination of joint set 
orientations is intended to address the NRC concern regarding fracture orientation bias (NRC 
1999, Section 5.3.1, Criterion 1). 
The use of this data is limited to examination of fractures with trace lengths greater than one 
meter. The trace length of fractures described in this AMR refers only to the portion of the 
fractures visible on the surface of the tunnel walls. 
This document may be affected by technical product input information that requires 
confirmation. Any changes to the document that may occur as a result of completing the 
confirmation activities will be reflected in subsequent revisions. The status of the input 
information quality may be confirmed by review of the Document Input Reference System 
database. 
August 2000 ANL-EBS-GE-000006 REV 00 35 
7.1 VULCAN SOLIDS MODEL ESF-CBD VERSION 01 
In order to examine the fracture data contained on the FPGMs with respect to the 
lithostratigraphic units in which the fractures occur, a 3-D VULCAN solids model, ESF-CBD 
Version 01 , of the lithostratigraphic units as encountered by the TBM in the ESF and CBD was 
constructed. The files associated with the solids model, ESF-CBD Version 01, are contained in 
DTN: M00008MWDESF06.005. The model is classified as unqualified because of the 
unqualified status of the software product VULCAN, which was used to construct the solids 
model. Use of this model must be tracked as unqualified in accordance with appropriate 
procedures. 
7.2 FRACTURE GEOMETRIC PARAMETERS 
Several fracture geometric parameters, including joint set orientation, joint set spacing and trace 
length distributions, and fracture center locations, were developed for the lithostratigraphic units 
associated with the RHH were as output of this AMR. These outputs are contained in four MS 
Excel 97 spreadsheets contained in DTN: M00008SPAFRA06.004. 
Using the FPGM data, joint set orientations were determined using standard stereographic 
projection techniques. Each of the units exhibits a primary southeast striking joint set as well as 
a northwest striking subhorizontal joint set. The steeply dipping joint sets associated with the 
Tptpul lithophysal unit are the least well defined, with four sets striking from east-southeast to 
south-southwest. Additionally, a medium dipping, northwest striking set, which occurs only in 
the lower third of the unit, is evident. The two nonlithophysal units, Tptpmn and Tptpln, exhibit 
almost identical joint set orientations: a primary steeply dipping southeast striking set, a 
secondary steeply dipping southwest striking set, and the subhorizontal northwest striking set. 
The remaining lithophysal unit, Tptpll, exhibits a primary steeply dipping southeast striking set, 
a secondary steeply dipping set oriented in a north-south direction, and the subhorizontal joint 
set. 
Joint set spacing and trace length distributions were determined from data subsets extracted from 
the DLS data set. The DLS contains information on both fracture spacing (i.e., the difference 
between stations where a measurement was collected) and trace length (as the sum of the 
measured trace above and below the DLS). Both the spacing and the trace length distributions 
for kactures of a joint set in each of the units exhibit a normal distribution, approximating an 
inverse exponential distribution. The nonlithophysal units tend to be two to five times as 
intensely fractured as the lithophysal units. In general, trace lengths appear to be slightly longer 
in the lithophysal units than in the nonlithophysal units. This is particularly true for the 
subhorizontal joint sets. 
A final fracture geometric parameter, specific to the DRKBA software, was developed in this 
AMR. This parameter is the location of the center of the fracture above or below the DLS and is 
presented as part of the output from this study. 
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8.2 CODES, STANDARDS, REGULATIONS, AND PROCEDURES 
AP-2.13Q. Rev. 0, ICN 4. Technical Product Development Plan. Washington, D.C.: U S .  
Department of Energy, Office of Civilian Radioactive Waste Management. ACC: 
MOL.20000620.0067. 
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AP-3.15Q. Rev. 1, ICN 2. Managing Technical Product Inputs. Washington, D.C.: U.S. 
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MOL.200007 13.0363 
AP-SI. 1 Q. Rev. 2, ICN 4. Software Management. Washington, D.C.: U.S. Department of 
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AP-SV. 1 Q. Rev.0, ICN 1. Control of the Electronic Management of Data. Washington, D.C.: 
U.S. Department of Energy, Office of Civilian Radioactive Waste Management. ACC: 
MOL.200005 12.0068. 
QAP-2-0. Rev. 5 ICN 1. Conduct ofActivities. Las Vegas, Nevada: CRWMS M&O. ACC: 
MOL. 1999 1 109.022 1. 
8.3 SOURCE DATA LISTED BY DATA TRACKING NUMBER 
GS9607083 14224.008. Provisional Results: Geotechnical Data for Station 30 + 00 to 
Station 35 + 00, Main Drift of the ESF. Submittal date: 08/05/1996. 
GS9607083 14224.01 0. Provisional Results: Geotechnical Data for Station 40 + 00 to 
Station 45 + 00, Main Drift of the ESF. Submittal date: 08/05/1996. 
GS9608083 14224.01 1. Provisional Results: Geotechnical Data for Station 35+00 to 
Station 40+00, Main Drift of the ESF. Submittal date: 08/29/1996. 
GS9608083 14224.01 2. Provisional Results: Geotechnical Data for Station 26+00 to 30+00, 
North Ramp and Main Drift of the ESF, Full-Periphery Geotechnical Maps (Drawings OA-46- 
222 through OA-46-226) and Rock Mass Quality Ratings Report. Submittal date: 08/29/1996. 
GS9609083 14224.014. Provisional Results - ESF Main Drift, Station 50+00 to Station 55+00. 
Submittal date: 09/09/1996. 
GS9609083 14224.020. Analysis Report: Geology of the North Ramp - Stations 4+00 to 28+00 
and Data: Detailed Line Survey and Full-Periphery Geotechnical Map - Alcoves 3 (UPCA) and 
4 (LPCA), and Comparative Geologic Cross Section - Stations 0+60 to 28+00. Submittal 
date: 09/09/1996. 
GS9701083 14224.002. Geotechnical Data for Station 55+00 to 60+00, Main Drift of the ESF, 
Full Periphery Geotechnical Maps and Rock Mass Quality Ratings Report. Submittal 
date: 0 1/3 1 /1997. 
ANL-EBS-GE-000006 REV 00 39 August 2000 
GS9702083 14224.003. Geotechnical Data for Station 60+00 to Station 65+00, South Ramp of 
the ESF. Submittal date: 02/ 12/ 1 997. 
GS9702083 14224.004. Geotechnical Data for Station 60+00 to Station 65+00, South Ramp of 
the ESF. Submittal date: 02/12/1997. 
GS9708083 14224.008. Provisional Results: Geotechnical Data for Station 65+00 to 
Station 70+00, South Ramp of the ESF. Submittal date: 08/18/1997. 
GS9708083 14224.009. Provisional Results: Geotechnical Data for Station 65+00 to 
Station 70+00, South Ramp of the ESF; Full-Periphery Geotechnical Maps (Drawings OA-46- 
269 through 0A-46-274) and Rock Mass Quality Ratings Report. Submittal date: 08/1 8/1997. 
GS9708083 14224.0 10. Provisional Results: Geotechnical Data for Station 70+00 to 
Station 75+00, South Ramp of the ESF. Submittal date: 08/25/1997. 
GS9708083 14224.01 1. Provisional Results: Geotechnical Data for Station 70+00 to 
Station 75+00, South Ramp of the ESF. Submittal date: 08/25/1997. 
GS9708083 14224.0 12. Provisional Results: Geotechnical Data for Station 75+00 to 
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North Ramp Starter Tunnel, Exploratory Studies Facility. Submittal date: 12/03/1997. 
GS9711083 14224.021. Revision 1 of Detailed Line Survey Data, Station 4+00 to Station 8+00, 
North Ramp, Exploratory Studies Facility. Submittal date: 12/03/1997. 
GS97 1 1083 14224.022. Revision 1 of Detailed Line Survey Data, Station 8+00 to Station 1 O+OO, 
North Ramp, Exploratory Studies Facility. Submittal date: 12/03/1997. 
GS9711083 14224.023. Revision 1 of Detailed Line Survey Data, Station 10 + 00 to 
Station 1 8 + 00, North Ramp, Exploratory Studies Facility. Submittal date: 12/03/1997 
GS9711083 14224.024. Revision 1 of Detailed Line Survey Data, Station 18+00 to 
Station 26+00, North Ramp, Exploratory Studies Facility. Submittal date: 12/03/1997 
GS97 1 1083 14224.025. Revision 1 of Detailed Line Survey Data, Station 26+00 to 
Station 30+00, North Ramp and Main Drift, Exploratory Studies Facility. Submittal 
date: 12/03/1997. 
GS97 1 1083 14224.026. Revision 1 of Detailed Line Survey Data, Station 45+00 to 
Station 50+00, Main Drift, Exploratory Studies Facility. Submittal date: 12/03/1997. 
GS9711083 14224.028. Revision 1 of Detailed Line Survey Data, Station 55+00 to 
Station 60+00, Main Drift and South Ramp, Exploratory Studies Facility. Submittal 
date: I2/03/ 1997. 
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GS9904083 14224.001. Detailed Line Survey Data for Stations 00+00.89 to 14+95.18, ECRB 
Cross Drift. Submittal date: 09/09/1999. 
GS9904083 14224.002. Detailed Line Survey Data for Stations 15+00.85 to 26+63.85, ECRB 
Cross Drift. Submittal date: 09/09/1999. 
GS9904083 14224.003. Full-Periphery Geologic Maps for Station -0+10 to 1 O+OO, ECRB Cross 
Drift. Submittal date: 09/09/1999. 
GS9904083 14224.004. Full-Periphery Geologic Maps for Station 10+00 to 15+00, ECRB Cross 
Drift. Submittal date: 09/09/1999. 
GS9904083 14224.005. Full-Periphery Geologic Maps for Station 15+00 to 20+00, ECRB Cross 
Drift. Submittal date: 09/09/1999. 
GS9904083 14224.006. Full-Periphery Geologic Maps for Station 20+00 to 26+8 1, ECRB Cross 
Drift. Submittal date: 09/09/1999. 
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Submittal date: 09/16/1999. 
M09904MWDFPG16.000. Full Periphery Geotechnical Mapping Strike and Dip Data Entry 
Correction Analysis. Submittal date: 04/06/1999. 
8.4 COMPUTER SOFTWARE 
CRWMS M&O 1997b. Software Code: DIPS V4.03. 30017 V4.03. 
CRWMS M&O 1999c. Software Routine: FPGM-SD - Check V.01. 30077 V.01. 
CRWMS M&O 1999d. Software Code: VULCAN V3.4. UNIX. 10044-3.4-00. URN-0528. 
CRWMS M&O 1999e. Software Routine: ESF4-XY.. V.03. PC. 30092 V.03. 
CRWMS M&O 1999f. Software Routine: ECRB-XY.. V.03. PC. 30093-V.03. 
CRWMS M&O 2000e. Software Routine: CURVED.pl V. 01. 10 16 1 -.O 1-00. 
CRWMS M&O 2000f. Software Routine: FPGM - Polurcon V.02. 10158-.02-00. 
CRWMS M&O 2000g. Software Routine: RTJS V. 02. 101 59-.02-00. 
CRWMS M&O 2000h. Software Routine: STRAIGHTpl V. 01. 101 60-.O 1-00. 
CRWMS M&O 2000i. Software Code: DRKBA V3.3. PC. 1007 1-3.3-00. 
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8.5 OUTPUT 
M00008MWDESF06.005. ESF-CBD VERSION 0 1. Submittal date: 08/28/2000. 
M00008SPAFRA06.004. Fracture Geometry Data for the Lithostratigraphic Units of the 
Repository Host Horizon. Submittal date: 08/28/2000. 
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ATTACHMENT I1 
COMPACT DISK AND FILE LISTING FOR TEMPORARY FILES GENERATED BY 
THIS ANALYSIS AND MODEL REPORT 
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Volume in drive G is GLOBAL 
Directory of G:\Gerry N-W\AMRFiles 
. .  
cbd-0010 txt 
cbd-0100 txt 
cbd-0200 txt 
cbd-0300 txt 
cbd-0400 txt 
cbd-0500 txt 
cbd-0600 txt 
cbd-0700 txt 
cbd-0800 txt 
cbd-0900 txt 
cbd-1000 txt 
cbd-1100 txt 
cbd-1200 txt 
cbd-1300 txt 
cbd-1400 txt 
cbd-1500 txt 
cbd-1600 txt 
cbd-1700 txt 
cbd-1800 txt 
cbd-1900 txt 
cbd-2000 txt 
cbd-2100 txt 
cbd-2200 txt 
cbd-2300 txt 
cbd-2400 txt 
cbd-2500 txt 
cbd-2600 txt 
cbd-2630 txt 
cbdl0 dxf 
cbdlOO dxf 
cbdlOOO dxf 
cbdllOO dxf 
cbd1200 dxf 
cbd1300 dxf 
cbd1400 dxf 
cbd1500 dxf 
cbd1600 dxf 
cbd1700 dxf 
cbd1800 dxf 
cbd1900 dxf 
cbd200 dxf 
cbd2000 dxf 
cbd2100 dxf 
cbd2200 dxf 
cbd2300 dxf 
cbd2400 dxf 
cbd2500 dxf 
cbd2600 dxf 
cbd300 dxf 
cbd400 dxf 
cbd500 dxf 
cbd600 dxf 
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33,112 
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24,773 
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1,794 
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442,132 
485,217 
502,124 
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129,562 
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ANL-EBS-GE-000006 REV 00 
3:45p . 
3 :45p . . 
1:lOp cbd-0010.txt 
1:lOp cbd-0100.txt 
1:lOp cbd-0200.txt 
1:lOp cbd-0300.txt 
1:lOp cbd-0400.txt 
1:lOp cbd-0500.txt 
1:lOp cbd-0600.txt 
1:lOp cbd-0700.txt 
1:lOp cbd-0800.txt 
1:lOp cbd-0900.txt 
1:lOp cbd-1000.txt 
1:lOp cbd-1100.txt 
1:lOp cbd-1200.txt 
1:lOp cbd-1300.txt 
1:lOp cbd-1400.txt 
1:lOp cbd-1500.txt 
1:lOp cbd-1600.txt 
1:lOp cbd-1700.txt 
1:lOp cbd-1800.txt 
1:lOp cbd-1900.txt 
1:lOp cbd-2000.txt 
1:lOp cbd-2100.txt 
1:lOp cbd-2200.txt 
1:lOp cbd-2300.txt 
1:lOp cbd-2400.txt 
1:lOp cbd-2500.txt 
1:lOp cbd-2600.txt 
1:lOp cbd-2630.txt 
1:lOp cbdl0.dxf 
1:lOp cbd100.dxf 
1:lOp cbd1000.dxf 
1:lOp cbd1100.dxf 
1:lOp cbd1200.dxf 
1:lOp cbd1300.dxf 
1:lOp cbd1400.dxf 
1:lOp cbd1500.dxf 
1:lOp cbd1600.dxf 
1:lOp cbd1700.dxf 
1:lOp cbd1800.dxf 
1:lOp cbd1900.dxf 
1:lOp cbd200.dxf 
1:lOp cbd2000.dxf 
1:lOp cbd2100.dxf 
1:lOp cbd2200.dxf 
1:lOp cbd2300.dxf 
1:lOp cbd2400.dxf 
1:lOp cbd2500.dxf 
1:lOp cbd2600.dxf 
1:lOp cbd300.dxf 
1:lOp cbd400.dxf 
1:lOp cbd500.dxf 
1:lOp cbd600.dxf 
11-2 August 2000 
cbd700 dxf 146,699 08-01-00 1:lOp cbd700.dxf 
cbd800 dxf 175,202 08-01-00 1:lOp cbd800.dxf 
cbd900 dxf 266,088 08-01-00 1:lOp cbd900.dxf 
ESF-ECRB xls 1,766,400 08-02-00 2:26p ESF-ECRB.xls 
list txt 0 08-02-00 3345~ 1ist.txt 
Tptpll dip 39,757 08-02-00 2:12p Tptpll-dip 
Tptpln dip 19,407 08-02-00 2:13p Tptpln.dip 
Tptpmn dip 666,749 08-02-00 2:llp Tptpmn.dip 
Tptpul dip 111,419 08-02-00 2:09p Tptpul.dip 
2 dir(s) 2,147,450,880 bytes free 
61 file(s) 8,289,872 bytes 
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ATTACHMENT I11 
STEREOGRAPHIC PROJECTION ANALYSES FOR THE 
LITHOSTRATIGRAPHIC UNITS OF THE REPOSITORY HOST HORIZON 
ANL-EBS-GE-000006 REV 00 111- 1 August 2000 
SCAllER PLOT 
N 
S 
Number of Poles 
PI rq [ j i I  
m m m m  
1 4 - 7  8 - 1 1  12-15 
16-19 20-23 24-27 28-31 
STRIKE ROSE PLOT 
N 
s 
Number of Poles 
0 - 7 5  76-150 151-225 225-300 301-375 
CONTOUR PLOT 
N 
s 
Contour Interval 
n m m m  
<1.08 1.08-2.16 2.163.24 3.24-4.32 
m o m  
4.32-5.40 5.40-6.58 6.48-7.37 
MAJOR PLANES 
N 
s 
Piane Orientation 
186182 121183 156181 210182 310114 307147 
Number of Poles Plotted: 3475 
Figure 111-1. Determination of Primary Joint Sets, Tptpul 
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SCAllER PLOT 
N 
CONTOUR PLOT 
N 
S 
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1+1/01 li(l FI pq 
mmm111111 
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0 w- 
S 
Contour Interval 
n m m m  
<1.75 1.753.50 3.50-5.25 5.25-7.00 
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7.00-8.75 8.7510.50 10.5Q13.10 
MAJOR PLANES 
N 
E 
s 
0 -  702 
ANL-EBS-GE-000006 REV 00 111-3 
Plane Orientation 
m o o  
131184 209/83 329109 
S 
Number of Poles 
r n n  rn 
703-1404 1405-2106 2107-2808 2808-3510 
Number of Poles Plotted: 21501 
Figure 111-2. Determination of Primary Joint Sets, Tptpmn 
August 2000 
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IfllOllrllXIm 
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N 
E 
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m o m  
6.00-7.50 7.50-9.00 9.00-10.50 
M A J O R  PLANES 
N 
S 
Plane Orientation 
145/82 180/79 3 15/05 
Number of Poles Plotted: 131 8 
Figure 111-3. Determination of Primary Joint Sets, Tptpll 
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N 
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N 
S S 
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1+1 I.] rT F1 
m m m  
1 2 - 3  4 - 5  6 - 7  
8 - 9  10-11 11-12 
Contour Interval 
<2.50 2.50-5.00 5.00-7.50 7.50-10.00 
10.00-12.50 12.50-15.00 15.00-17.30 
STRIKE ROSE PLOT 
N 
MAJOR PLANES 
N 
Number of Poles 
0 - 2 2  2 3 - 4 4  4 5 - 6 6  67-88 89.110 
Number of Poles Plotted: 61 9 
Figure 111-4. Determination of Primary Joint Sets, Tptpln 
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ATTACHMENT IV 
JOINT SET SPACING STATISTICS FOR THE 
LITHOSTRATIGRAPHIC UNITS OF THE REPOSITORY HOST HORIZON 
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Figure IV-1. Histogram and Cumulative Frequency Distribution of Fracture Spacing Data for 
Tptpul Joint Set 1 (1 86"/82") 
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Figure IV-2. Histogram and Cumulative Frequency Distribution of Fracture Spacing Data for 
Tptpul Joint Set 2 (1 21 "/83") 
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Figure IV-3. Histogram and Cumulative Frequency Distribution of Fracture Spacing Data for 
Tptpul Joint Set 3 (156"/81") 
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Figure IV-4. Histogram and Cumulative Frequency Distribution of Fracture Spacing Data for 
Tptpul Joint Set 4 (210°/82") 
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Figure IV-5. Histogram and Cumulative Frequency Distribution of Fracture Spacing Data for 
Tptpul Subhorizontal Joint Set (31 0"/1 4") 
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Figure IV-6. Histogram and Cumulative Frequency Distribution of Fracture Spacing Data for 
Tptpul Medium Dip Joint Set (307"/47") 
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Figure IV-7. Histogram and Cumulative Frequency Distribution of Fracture Spacing Data for 
Tptpmn Joint Set 1 (1 31 " / 8 4 O )  
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Figure IV-8. Histogram and Cumulative Frequency Distribution of Fracture Spacing Data for 
Tptpmn Joint Set 2 (209"/83") 
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Figure IV-9. Histogram and Cumulative Frequency Distribution of Fracture Spacing Data for 
Tptpmn Subhorizontal Joint Set (329"/09") 
ANL-EBS-GE-000006 REV 00 IV-10 August 2000 
20 
18 
16 
14 
5 12 
c 
0 
0- = 10 
92 
L 8  
6 
4 
2 
0 
True Spacing 
Tptpll: JS-1 
100% 
90% 
80% 
70% 
60% 
50% 
40% 
30% 
20% 
10% 
0% 
0 1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5  
Spacing in Meters 
Average = 3.47 
Median = 1.57 
Figure IV-10. Histogram and Cumulative Frequency Distribution of Fracture Spacing Data for 
Tptpll Joint Set 1 (145"/82") 
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Figure IV-11. Histogram and Cumulative Frequency Distribution of Fracture Spacing Data for 
Tptpll Joint Set 2 (18O0/79") 
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Figure IV-12. Histogram and Cumulative Frequency Distribution of Fracture Spacing Data for 
Tptpll Subhorizontal Joint Set (315"/05") 
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Figure IV-13. Histogram and Cumulative Frequency Distribution of Fracture Spacing Data for 
Tptpln Joint Set 1 (136OD9") 
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Figure IV-14. Histogram and Cumulative Frequency Distribution of Fracture Spacing Data for 
Tptpln Joint Set 2 (209"/82") 
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Figure IV-15. Histogram and Cumulative Frequency Distribution of Fracture Spacing Data for 
Tptpln Subhorizontal Joint Set (330°/1 3") 
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ATTACHMENT V 
JOINT SET TRACE LENGTH STATISTICS FOR THE 
LITHOSTRATIGRAPHIC UNITS OF THE REPOSITORY HOST HORIZON 
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Figure V-1 . Histogram and Cumulative Frequency Distribution of Fracture Trace Length Data 
for Tptpul Joint Set 1 (186"/82") 
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Figure V-2. Histogram and Cumulative Frequency Distribution of Fracture Trace Length Data 
for Tptpul Joint Set 2 (1 21 "/83") 
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Figure V-3. Histogram and Cumulative Frequency Distribution of Fracture Trace Length Data 
for Tptpul Joint Set 3 (1 56"/81°) 
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Figure V-4. Histogram and Cumulative Frequency Distribution of Fracture Trace Length Data 
for Tptpul Joint Set 4 (210°/82") 
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Figure V-5. Histogram and Cumulative Frequency Distribution of Fracture Trace Length Data 
for Tptpul Subhorizontal Joint Set (31 Oo/l 4") 
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Figure V-6. Histogram and Cumulative Frequency Distribution of Fracture Trace Length Data 
for Tptpul Medium Dip Joint Set (307'/47") 
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Figure V-7. Histogram and Cumulative Frequency Distribution of Fracture Trace Length Data 
for Tptpul Random Joint Set 
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Figure V-8. Histogram and Cumulative Frequency Distribution of Fracture Trace Length Data 
-for Tptpmn Joint Set 1 (131 "/84") 
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Figure V-9. Histogram and Cumulative Frequency Distribution of Fracture Trace Length Data 
for Tptpmn Joint Set 2 (209"/83") 
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Figure V-1 0. Histogram and Cumulative Frequency Distribution of Fracture Trace Length Data 
for Tptpmn Subhorizontal Joint Set (329"/09") 
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Figure V-1 1 . Histogram and Cumulative Frequency Distribution of Fracture Trace Length Data 
for Tptpmn Random Joint Set 
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Figure V-12. Histogram and Cumulative Frequency Distribution of Fracture Trace Length Data 
for Tptpll Joint Set 1 (1 45"/82") 
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Figure V-13. Histogram and Cumulative Frequency Distribution of Fracture Trace Length Data 
for Tptpll Joint Set 2 (1 80°/i'90) 
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Figure V-14. Histogram and Cumulative Frequency Distribution of Fracture Trace Length Data 
for Tptpll Subhorizontal Joint Set (315"/05") 
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Figure V-15. Histogram and Cumulative Frequency Distribution of Fracture Trace Length Data 
for Tptpll Random Joint Set 
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Figure V-16. Histogram and Cumulative Frequency Distribution of Fracture Trace Length Data 
for Tptpln Joint Set 1 (136"/79") 
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Figure V-17. Histogram and Cumulative Frequency Distribution of Fracture Trace Length Data 
for Tptpln Joint Set 2 (209"/82") 
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Figure V-18. Histogram and Cumulative Frequency Distribution of Fracture Trace Length Data 
for Tptpln Subhorizontal Joint Set (330"/1 3") 
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Figure V-19. Histogram and Cumulative Frequency Distribution of Fracture Trace Length Data 
for Tptpln Random Joint Set 
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